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BALD EACLE PESTICIDE RELATIONS

L, I, STicken, N, J. Cruna, P, A, STEWART,
C. ML Mesate, I M, Prouty, axp W, L, Retonten

ltwrcau of Sporl Fishericr and Wildlife, Paluxent ll'ilrrlffo Regearch Ccnfrr.'
Laurel, Marylongd :

Bald cagles have become senrce in many parts of the United
States, and their reproductive success exeeedingly low, They pre.
duced young in only 3 of 1¢ nests studied in 1901 in the mid.- -
Allantie States, and, on o natlonwlde basis, the percentage of young
appears to be gradually deelining (Sprunt and Ligns, 1963). Con. -
cern for conservation of the bnld eagle led to the initintion in 1961
of n geries of cooperative studies, e :

In this year, the Nationn? Audubon Secelety undertook a nation. -
wide survey of numbers, distribution, and nesting suceess, At the .
same time, the Bureau of Sport Fisheries and Wildiifo began in.
vestigations of the effects of enviromnental pollntion on engles, :

The Bureau's first studies were focused on DDT. Lxperimental ™
investigations of DD'I* toxieity to eagles and the metabolism of DDT
by cagles were made in Alaska in the winters of 1001.62 and 1902.
63. Tesidue analyses of engles and cngle egus were underlaken on
n continning basis, Neginning with engles received -early -in 1964, -
annlyses were expanded to inelude other chlorinated hydroenrbons,

T will summarize the results nml conclustons from those studies and
briefly deseribe our current program and plans. DProgress reports
coneerning portinns of this work have been presented by DeWitt
and Buekley (1962) and Buckley and DeWitt (1963). '

___DDTToxiciry Stubies____--

The DDT toxicity studies were made to determine the dietary,
dosage of DD that would kil engles and hence to learn: whethee:
or nat eagles were unnsnally susceptibla to DDT polsoning. A see-
ond objective was to determine the quantities of residue present in \§‘
the tissues of engles killed by DD, ns an ald in understanding the
importnce of the quantities in engles from the fleld, o

Care, food consumption, and behavior have been deseribed by
Chura and Stewart (unpublished manuseript). Spermntogenesia in
doscd birds hns been discussed by . Locke, Chura,- and Stewart -
(unpublished manuseript), Ience these aspeets need not be con. & -
aidered here, ' ' o '

The firgt experimental studies were performed with 11 engles
caught near the Chilkat River near liainss, Aluska, and kept at the

"Petersburg Experimental Fur Station, Dietary dosages were 5, 83, -
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414, and 2070 parts per mitlion (ppm) conputed on the bnsiy of dry
weight of the feod, which consisted of ground salmon heads and
olher waste fish products, Toxicant ndded on 0 wotaweight busis was
at the rates of 3, 48, 240, nud 1200 ppm, The DD'P (techniealgrade,

pp’ isomer) was dissolved in vegetable oil and mixed thoroughly:

with the fish.

Two birds were fed clean foud for the full 112 days of the study;
two birds were fed at ench of the three lowest dosuges; and threas
birds were fed at the Lighest dosuge.

Doxsnge was not continuously the snme, for food consumption varied
from dny to dny, The cagles on the highest dosage nfe less from the
start, and nll engles that died ate leks oy time pnased,

During the flrst week of dusage, birds fed & ppa of DDT iu their
food consumed 0.3 mg DDT per ke of body welght per day (on
the basls of their weights at capture), Those fed 83 ppm con-
sumed 3 me/kg/day; and thos fed 414 ppm consumned 15.18 my/
kg/day. Two eagles fed 2070 ppm of DDT consumed 5570 my/ky/
dny, but the third consumed only 28 mg/kig/day during the flest
iwo weeks, less the first week ('I'nble 1. _

All engles fed more than 400 ppm (dry weight) died in 2 monthy

. or less. Of the two fed nbout §0 ppm, one died in 71 ﬂnvn.with pro-

nounced tremors. The other survived 112 duys Lut showed some

TABLE 1, TOXICVEY OF DDT TO BALD EAGLES

DDT Iveage
Jint Eezand Darx - Died
Numbwr Axa hl)T A-I.I«I : m e me on‘Test  or Killed
Yot yv l'er lml ‘Tutal
(mm: dtr welgl ll)
© adult- - - O P DO TSR YT SRR '
10 lmtr‘naum 0 0 0 0 12 K
oA 1 A n.a 1.4 110 el ) [, 1s
B Y ] e R It T S P
2 tadult K 2.2 18.8 ksl Fi ] n.
D & adult R aJ.2 10. 9 i1 lﬂl' R
5 lomaters - A4 1.7 a.) M7 n2 D
7 9 immature R 1 1] 1.4 7.0 an8 - o8, D
: g g;um:t amo 70.0 :m.u s T m o
AL N .
ol 7070 N T " D
4N dadult . 'HN0 n.n 1103 wes 14 (1]

+§ Tochinl 1 1 bie il and toized wlih ih !I Lof ground salmon heatls
nm! n.'ﬁm n'::lm'&fﬁ mmv::?ldln()":! ‘nm“:n‘mu"?gr lnmio: ol‘ I)‘.)“l'.ll'l“(fl wet wduf?lnof the

mu upmo-!mulrg . 48, 340, and 1200, Comiputstions to u m- DT intake in terma of dey ~
n Laais of aD AYE: ne miokstute mm'fnr‘ of reent, AL clmrmln in satmples -

s preparns) Iood. Nominal dry welght doses repotind liucklaa and DoWitt (1U01) were pm-

thninary mmputnuum based un i estitanied 70 percent molsture content, the atmount Dresent ln lm

fillets,
% Calenlation of il ine nf nm- et lnIoTnm of body weleht perday Is e on eaplure nhhu

of bipdy, Dally intakes IDT puuwg for the ratly dosa .Mdalbelnmdnllm nlm:l eonsumption
by hinda that died fater. Thiss llful U-18, 10632, for all bints tone, [Hnl4A was staried
oh donn .\llr 11 and atylitile the Arst wuk: Lienew mmwuﬂm are lnr ay 11-May 24, 1002,
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tromors and ereatic wing Jjerking suggestive of u toxie effvet, Thus u
tosage that would kill hul€ the birds during o -4 month period may
be near 80 ppan, possibly somewhnt Jower,

Mortality at this dosage level does not indieate any unusital
susceptibility of engles to denth from DD, In studies with other
speeles al Patuxent, where DD iy similurly dissolved in oil and
mixed with the dict, it has hecome evident that long-term toleranee
limits for nt lenst part oE un experimental gronp are near 40 ppm
for mallurd ducks and 25 ppm for bobwhite and coturnix quail,

The one eagle that died on the 6 ppm doange was believed to have
siceumbed £rom causes other than DD, The other engle on this
dosnge remained appurently wetl for 98 doys, when it eseaped. In
studies the next year, 15 vagles were fud l)l)'l‘ in their diet nt the
rate of npprutinmtulv 6 ppm. Oug died within 32 days, prohulily
from enuses unrelated o dosage, Four survived 120 days of dosage
and 10, 60 days of desege with no obivions il effeels.

Bcsiduo nnalvses were made by the colorimetric methods deseribed
by Seheehier el o, (1945). lrcmlinm were made nt wavelengthy HA0
and henco are primarily for DD'T and DDD,

In the engles fed the two lighest dosages, where the cnuse of
death almost certainly wog DIVT polsoning, the quantities of DDT
amd DDD in the brain ranged from 58 to 86 ppm  (wet
weight) (68, G3, 80, 86, und 86 ppm) {Table 2). These nmounts
were very similir o those nssociated with DDT-induced denth in
several other species of both birds and mammaly, where avernge
resldues wore 43.100 ppm, and n hazard zone could be considered
to begin in the vivinity of 30 ppm (Stickel ¢f al,, Iﬂub). :

The conclusion from the engle toxicity tests is that there is little
reasont {o suspeet any - wnsunl suseeptibility of- eagles to DDV
mortality, 1he poss:bihty of tnore ubm.ure eﬂ‘eem on. ph\qlology or ..
belmvior will require otlwr studies.

. DD Kiverics

The second series of experimental studies, conduclud in Aln';kn in
the winter of 1962.63, was mlulc 1o mcamu‘e the stornge and loss

TADLE 2. DDT RESIDUES IN DALD l-:.\Ol.l-.B RILLED BY l)l)'l‘

Hinl Hex und I Dosage Lo . -
Nutbee Are ' {ppm d'fy welght) HHY Uver” Muscle
8 o [mmature an ) 28 B
7 < immature 414 : M) -— <l
§ o Eh S SR
minatute : . : i b i V
.\ a'adule 2070 M D . 40

1 Colorimatreally dotermined hv “AO muethod deseribied 'l.'r Bchecllllr c! ol 13 Mlead nt wavelength
£90, Lenre prlmanly DD‘I‘ + pD o
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~ of DD by engles when the dictary Intnke wns comparable to what

might be availoble In the fleld, This information was sought as an
nid in judglag the likelikood that intake of small quuntitics of NDDT
over a long perlod of thme would bulld up to lethal levels, A\ dosage
of approximately 6 ppm dry welght wos used; wet-weight equivalent
wus 3 ppr, Fish in some arens may comuin mueh higher residucs
than these, and much lower in other nrens, lesidues in Lirds, some.
times enten by engles, ulso ave varinble,

The experimental design ealled for dusage of one group of birds
for G0 duys, one group for 120 days, and one group for G0 dnys
followed l:y clea food for 00 duys. Six eagles were in {he 60 :lnv
group, four in ench of the other two groups. Analyses were made
for DDT and the nelebolites DDD angd DDE in various tissues nnid
organs, Rendings were made by gas chromutography following ex.
teaction in Soxhist with petroleum ether and Skellysolve B, partition.
ing with ncetonitrile, and passage through a florisil eolumm,

It these experiinental eagles, the nmount of DDT 4 DDD in the
tssues fnerensed between 60 and 120 doys on dosage and de.
creased after dusage wos discontinued, - A similnr pattern of gain
und loxs followed in brain, liver, breast muscle, fat, and fn the com.
posited remninders (Figure 1), Rotes were 04 tu 0.8 per cent per
duy, computed as log, (content at time 2/content ul timeg 1)/ days,
These rates were used to approximnte the time nt which half the toxi.
cant would be gove, the time at swhich a stendy state or equilibrium
would be reached, and the residue level that would be renched at the
time of equilil riwn, Estimates were miule us dt.scribcll by \ulson "
(1961) and by Doluisio and Swintosky (1053). :

These procedures avsume that the rates of loqs remniu constnnt

" with time There iy evidence, however; that' this mny not be strietly--— -~

true, and that rates may decling ng restdue content of tissue deelines
(Bovard of ul. 1961). Ilence, the estimntes of hnif-life derived here

. for DD'I residues in engle tissnes muy be somewhat short. Ratey were

estimated from the parts, per millinn of ehcm:cnl in the lipid (fat)
portion of the tissues, -

It was esfimated that about half the res:ducs of DD'l‘ 4 DDD

"~ would Lo geno in 3.6 montlm, and henee that a balanee between in.

take and loss probubly \\ould rcquiro 134 to 2% 3cnm it this sue
dosage contined, -

Brain residues of DD'l‘ -'-:- DDD renchcd 028 ppm (wet “mght)
nfter 120 duys on dosuge: The estimated level at cquilibrium wns lesy

than 1 ppm, far below the 58" 86 ppm found in engles killed by DD, " -
Livcr rcsiduos o[ DDT + DDD were 068 ppm nft.er 120, days on
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Pleure 1. Arcusulation snd losn of DIE resldues In Usues of bald eaclen oxparimentally
tel DUT, leaidues alter 00 days un & Jdled contalning B ppm pp® DDT are shown at the
Inft apax (nverages for 0 birds), Hesldues after 120 ddays on this same dossxe are shown by
the upper arm; realdues afier 60 days on dotsge dlus 60 days on elean {oml are shown b
tho lower artn (averages for 4 hleds eazh), DDT plus DD 1s indleated an n potld line, Dl‘i‘.
an n hroken lue, CoefMiclents of varlstion for the wel welght values wersey 20.90 pereent for
. biralo, liver, fat, aml remaindera and 40 percenl for muscle. For the lpld welghl raluen,
coeMelents of variation were 202D p{crcenl l?r lr;nlh}p'llnr. anil remalnders aodl 38 percent
or tnuacle anl fat. .

dosage. The level ut cquilibrium wns estimated al 2 ppm, alse far
below the amounts in eagles killed by DDT, -

Residues of DDE, a less foxfe metabolite of DDT, also incrensed
in tissucs between 60 days and 120 dnys of dosage. Clean food for
60 dnys, however, did not result in & dimlnution of DDE in the ts.
sues, and quantities in the liver in'fact increased. It is not un.’
rensonable that DDT would contimie to be transformed by tho liver
after dietary intake stopped, for a considerable supply of unchanged -
DD stil) was present in the varjous {issucs, A portion of the loss of
DDT from the tissues after dosage can be accounted for by trans..
formniion to DDE, DDE itself presumably would be lost In time
and thero {8 no reason to expect that it would -have reached toxic .
levels in tho experimental eagles. Quantities of DDE mensured

'
. a oAn

¢
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at 120 duys were 042 ppm in breain, 1.22 ppn in liver, 268 ppa in
musele, 3,88 ppan in remnbwders, and 35.68 ppin in £at,

The importunce of tissue residues of DDIE is not understood.
DDE did not appear to be eritical in deaths of a group of cxpert
mental cowbirds weo studied, nor in certnin fleld studies. Ifowever,
DD in Jarge amounts will ki1l birds und its residues could well bo
important at rome presently unknown quantity, DIDMS is not used as
an insceticide, but is produced from DD'I' by many living organisms,
DDE in engle tissties thus may have been obtaiued ag DDE #f-~m
the fish the birds nte, or it mny bave been produced by the b o
themselves from DDT econsumed, making the interpretalion of ils
presence espeeinliy diffieult,

Gradual loss of DDT from tissnes of animn)s after dossge s (is.
continued has been shown in many other studies, For example,
Linug ¢t ol (1950) nnd Ortegn ef al. (1856) deseribed loss of DDT
in Inboratory rats; Bovard ¢f al. (1961) in enttle, and Durhum ¢!
al. {1963) in rhesus monkeys. Noa.. » and Denfield (1963) reported
loss of DDT and DDD in chickens and also noted n post-dosage in-
erease of DD, ns way observed in the eagles,

The conclusions from this portion of the study are that continuous
ir*~tn of DDT by buld eagles in quantitics as high us & ppm in the
diet is unlikely to produce lethal nmounts in the tissues. DD vone
tent of the tissues will increose slowly for many months Lefore o
metabolie batance is rveached, and will be lost slowly when intake
of DD ix discomtinued. The pattern and rates are similar to those in
ather anfmals, fudienting simtlar basle processes. :

Anaryses oF BacLES Frod TIE Finu

* “'Pestieide residues in the tissues of cugles from the ﬂnld.lnrb\'ide &
" meagtre of environmental exposure. They can be useful in- nssessing

hazard if experlmental studies have provided the basis for interpre. -
tation, Such interpretive studies have been few, confined Iargely to
DDT, and focused on the determination of lethal quantities. Ilow-

_ ever, enough information is available concerning dicldrin to permit

at least tentative judgments, - - .

In the summer of 1965, we began bruad speetrum analyses of engles
from the fleld. Readings were made by gos. and thin-layer chromateg.

, -raphy after extraction with petrolenm cther in Soxhlet appariecus,

partitioning with acetonitrile, nnd clution through a florisil column,

.. Sixteen bnld eagles have been completed. DDT, DDN, DDE, and
. dieldrin have been found fu afl of them and traces iof leptachior -

epoxide’ hiave been found in muny, Drain samples were availablo

't for 14, Quantities of DDT - DDD were 2 ppm orilower in 18

13
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specimens, o magnitude similur to that of engles in the experimental
studies, where dictary dosnge wus 6 ppm. One specimen contained
T ppm, Quantities of dicldein were 1 ppin or lower in 12 specimens,
¢ ppm in 1 speetmen, nud 8 ppm in 1 specien,
The engle with ¥ ppm DD 4 DDD in the brain also contaited
8 ppm dieldeln, Quantitics of DD <} DDD above %0 ppm in the
brain ean be considered in o zono of serious councecn, ns discussed
above, but this winount is considerably nbove 7 ppin. Ilowever, 8 ppm
of dieklein probably iy more critical, ns indicnted by residies in oni.
mals forznd dead in the feld and fn those killed in lnboratory studies,
Beain residues in 23 andmols found dend after fleld applications
of dieldrin ranged from 2 to 20 ppm, with only one below G ppm.
These anlmals included meadowlarks, eottontail rabbits, and cotton.
rats (Patuxent Center, wupublished duta) ;3 green-winged teal, red.
hend duck, lesser seaup, and shoveller (Sheldon ef al., 1963) with
no ovidence o suggest species differences.” Six domestie animals
(eattle, ghioep, mul dogs) dosed experimentally contained 10.30 ppm.
of dieldrin in their brafus (IKtselman of al,, 1950), Two nxperis
mentatly dosed phensants died contalning 10 nnd 18 ppm of aieldrin
in their braing (MeBwen eof al,, 19063) nnd six dogs thut died or
were kille in crlremds contaitied 2 to 9 ppm (nvernge, 6 .ppm)
(ITacrison of al,, 1063), Thus, 8 ppm nuust be considered in the zone. ..
of lmzard. e M
This particnlar eagle was an immature female,; found dead at the -
banse of a known roosting tree near Vernon, Vermont, on May 1, 1904, -
Antopsy by Ti N, Locke showed the bird to be very thin, but without
disguostic lesions, ; ‘ <
Tanrlier nunlyses of field engles made ot owr Inboratory by colovi.
.metrie methods of Scheehter et al. (1945) and rend at wavelength -

540 showed residues of DD overshadowing whatever DDT . DD ™™ -

may have been present, These DDE residues were between 0 and 8
ppm in the brains of 22 cogles, nbout 17 ppm in 1, and between -
31 enit 36 ppm in 5, With DD'T and DDD present in smnller, al-
though unknown, amounts, it is apparent that in this group also the

amounts were befow the lethally eritfenl zone in most. The signifl.
cance of the five rendings above 30 ppm cannot Le proporly evalinted,

DDE residues in braiug of the engles rend for the spectrum of
pesticides were less than 2 ppm in 10 specimens, 6 to 33 ppm in 4
specimens. Phe 83 ppn occtiered in the same eagle that had high™
rendings of DD -+ DDD and diekdrin, Quantities of DDE in the,
brain ordinarily were higher than those of DDT -} DDD but occn.

stonally appronched equality, : e T
Liver n.widues alse will be given llerc‘fnr.\thq record. In the

S ae e i e
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broad speetrum annlyses, the livers of 16 bivds contnined traces to
42 ppm of DDE with n median value of 2 ppa, Pwelve contnined
less than 10 ppm, DD 4 DDD aaeasured from triees to 8 ppm,
with o meding of 1 ppm, Dieldrin measured Lor <1 ppm in 14 speel
mens, 2 ppin in 1 specimen, and & ppm in one specimen, The DDI
residues determined earlier by colorimetric methods in &4 specimens
ranged from none detested to 305 ppm, with n medisn value of 0
ppm. The higher medinn value in the colorimetrie serles may have
been primarily the result of methodologient differcuices, for com-
parvisons have shown that colorimetrie readings made at the DDE
wavelength genernlly are somewhat higher than DDE readings by
gas and thin lnyer chromatography,

Measttremient of the quantity of pesticldes stored In the Lody is
useful ns an indieator of environmental contnmination, and ~f the
reserve supply that may become eritien] when food supply ir re-
duced or weight is lost for other rensons. For this purpose, we have
analyzed the earenss repminders, whieh inelude the entire hody
nfter the gostrointestingl tract, beain, and liver have been removed.
The quantities of DDE in 16 specimens ranged from traces to more
than 50 ppin with a median of 9 ppm. Trace quantitics of hep-
tachlor epoxide were present in about hall the specimens, The most
neurly comparuble readings from the carlier colorimetrie annlyses
are those for musele. In these, DD ranged from O to 118 ppm In
61 specimens with a medinn of 5 ppm. ,

Nine bnld ecagle eggs have been annlyzed for pestivide residues
(Tuble 3). Residue rendings were adjusted to permit comparisons,
Fap diforent nmounts of drying in over-age egges are 0 soutee of great

TALLL 3. PESTICIDEN IN LGOS OF BALD EAGLES -

Pactn Per Milllon Varis Per *illien
(nn weighed nt neatysls) (adjuatel)s :

DD DD DT bDiddin DDE DD DDT  Bicldtin

Data Iaeatlun

AT Naw Jecsapt MG - B T T —
R New Jetaeyt 11.4 — -— - i - — -—
1002 New Jerneyt -1 I T - 1N | TS — -
Frec i it M = = Z 4 Z = =
19 Malne 1o 2.3 o2 23 8T 08 01 08
1063 New Jorvey ad 86 03 17 L8 44 02 08
1994 New Jeraey 46 &1 A L 80 40 02 L0
1065 1otida? 2.8, 43 00 0.0 1mo e 0.6 0.8

L Adjustment proosdute is deseriles] in the tear,
1Calotiinetete reas)ings. l:admarily DDE, R
VAL b trace of Leptachlof spozide.
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distortion §i welghts are tuken at face volue, The adjustments were
made on the Losis of ez volume ns deseribed by Stickel of o, (1965),
I'he specifie gravity was thken ns 1 mg per ml, sinee the nctual
specifie gravity of Tresh engle vgps is not lu.ulmtcl\ Lnown, Adjusted
residue rendings (primarily DDE)Y jn five egus anndyzed coloris
metrlieally ranged from 1 to about 30 ppm, 1our rend for n broader
speetrum of compounds contuined 6 to 13 ppm of DDE, § to b
ppaof DIV <4 DD d 065 10 1 ppan of diehlrin,

Teansnission of pesticlde restdues from pnrent to on'spring vin
the vggs of Dirds iy well known, The quantity of these icsidues
that may indiente an adverse effect an hatehing and survival is far
front clenr, however, Genclly and Rudd (1066) have reparted that
pheasant eggs containing 162 and 349 parts per million hatched ag
well us the controls, Lut that early survival wus reduced. l\mth
(19656) reported 202 ppm DD, 10 ppm DOE, and 6 ppm DDD in
live gull cgps, Quantities in onglc opps 8o for ropm ted are g0 mueh
lower than these (hat they provide little basis for surpeeting that
DDT in the egun pre\-enlcd hintehing, Tnterpretation of the effects -
of dleldrin ar of dieldein pluy the DDT.related compounds enniot
presently be made.

Mg conclusions to be drswn from the results of fleld analyses nre,
first, that exposure of engles to DD'T and dicldrin is :lni!nm\idc, o
it ia for most other animnls, including people; second, that at lcnnt"l‘
an occasionnl engle obtning enough dieldrin and possibly cnough
DDT to place him in hazard; und thied, that most engles that die in
the United States todny die ot ciuses ulhur than pmticitlo polsoning,
The fmportant qucmuu of sublethal effeets on behavi ior, particulnrly
parental behavior, eannol yot be nnswered.

" Reseagen Praxs ~ 007 T om o

Our pluns for further work with eagles include n continuous moni. .
toring of eggs and adults for pesticide residues, We hope to extend
these analyses to inelude some of the more important lieavy metals .
that are present ag cnvironmental pollutants, for we viow the -
cagle problems ns a part of the lurger problem of cm'!romncutnl ‘
pollution that affects mauy speeles and many environments, TFood
chnin investigations specifie to eagles will be undertaken jointly
with the Natlonal Audubon Sociely, s pnrt of our resenrch in
ecologicnl systems, o

We believe the need for better understanding of the mcnuiug of -
resithtes in eggs and tissues remnins eriticnl, and will require addi.

tionnl experimentation with various speeies, 1t Tins scenied important

to mnko tests \ulh n pzcdntory s')ecles. even II it could not. bo the'

i .
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cngle. ence we have established a colony of sparrow hawks lo test
reproductive cffects. Thirty-six pairs are now on experhment with
dosages of DD'I' and dieldrin,
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